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To be successful, respiratory viruses must efficiently in-
fect their hosts through the respiratory mucosa, replicate,
and be shed in the appropriate areas of the respiratory
tract in the form of highly infectious transmissible material
that infects a new host. The interaction between the viral
attachment protein and its cellular receptor are among
the critical molecular determinants that regulate respira-
tory virus infection, replication, and shedding, and there-
fore transmission. Thus, the presence or absence of cel-
lular receptors in specific hosts and tissues is one of the
factors that determines whether the host is susceptible or
not to viral infection, the tissues and cell types where the
virus replicates, and the route of viral transmission.

For influenza viruses, it has been known for a long time
that the viral attachment protein, hemagglutinin (HA),
binds to and uses sialic acid-containing molecules as
receptors. The use of such abundant and ubiquitous
molecules as receptors, while providing the apparent
advantage to the virus of allowing infection of multiple cell
types and species, also results in binding to nonproduc-
tive receptors present in respiratory secretions, surfaces
of dead cells, and even other virions. It is because of this
capability that influenza virus has evolved a second viral
surface protein, neuraminidase, as a receptor-destroying
enzyme that cleaves sialic acid, allowing the virus to be
released after binding to sialic acid–containing mole-
cules that do not lead to viral infection.

This picture of multiple interactions of the influenza
virus with its receptor is further complicated by early
findings indicating that not all sialic acid–containing mol-
ecules bind with equal efficiency to HA and that different
viral strains show different receptor specificities accord-
ing to their host tropism. Most influenza viruses circulate
in waterfowl, and these avian influenza virus strains con-
tain an HA with preference for binding to sialic acids
linked to the rest of the sugar by an �2-3 linkage. In
contrast, HAs from human influenza virus strains show

enhanced binding to �2-6–linked sialic acids.1 This cor-
relates with an abundance of �2-6-linked sialic acids in
the upper respiratory tract of humans, and of �2-3–linked
sialic acids in the intestinal mucosa of birds, where rep-
lication of human and avian strains of influenza viruses
takes place, respectively.2 More detailed analysis of the
abundance of these types of linkages in the whole human
respiratory tract and in the context of severe infection in
humans with highly pathogenic avian H5N1 influenza
viruses led to the conclusion that �2-3–linked sialic acids
are more abundant in the human lower respiratory tract,
which correlates with an enhanced tropism of H5N1 vi-
ruses for deep areas in the human lung. This may con-
tribute to both severe disease, as viral replication in the
lower respiratory tract is more likely to induce pneumonia,
as well as to the lack of efficient transmission of H5N1
viruses from human to human, because the virus is less
likely to infect the upper respiratory tract, where �2-3–
linked sialic acids are sparse.3,4 Consistent with a role of
sialic acid binding preference in transmission, it was
found that changes in receptor specificity in the HA of the
1918 human H1N1 pandemic influenza virus from �2-6 to
�2-3 linkages dramatically decreased its aerosol trans-
mission in the ferret model, although surprisingly this was
not accompanied with decreased viral shedding.5 Thus,
whether more efficient HA binding to �2-6–linked sialic
acids results in an increased tropism for the human upper
respiratory tract and in increased viral transmission in
humans is an attractive hypothesis that still requires more
research to be proven.

In this issue of The American Journal of Pathology, van
Riel et al6 have provided new evidence that supports this
hypothesis. Using three representative human influenza
A virus strains, corresponding to seasonal H1N1, H3N2,
and the new pandemic H1N1 viruses, and three avian
influenza viruses of the H5 and H7 subtypes, including a
highly pathogenic H5N1 strain, the authors have ana-
lyzed the pattern of HA-mediated binding of virions to
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different human tissues of the upper respiratory tract. For
this purpose, they have used a previously developed
technique by the same group, named virus histochemis-
try. In this technique, influenza virions are labeled with
FITC, and on incubation with fixed human tissue sections,
virions that remain bound are visualized using a peroxi-
dase-labeled anti-FITC secondary antibody.4 All human
influenza virus strains readily attached and decorated
ciliated epithelial and goblet cells from human upper
respiratory tract tissues, such as nasal septum, concha,
and nasopharynx. In contrast, avian influenza viruses
were poor binders to the same tissues. Interestingly, the
same group has previously shown that avian influenza
viruses are nevertheless able to bind well to cells in tissue
sections from the human lower respiratory tract, espe-
cially to type II pneumocytes and to alveolar macro-
phages, whereas human influenza viruses have prefer-
ence for type I pneumocytes and rarely bind to type II
pneumocytes and macrophages.7 Taking both observa-
tions together, a pattern emerges where binding to mac-
rophages and type II pneumocytes in the lower respira-
tory tract may promote infection of these cells and
destruction of alveolar structures and induction of high
levels of cytokines, leading to severe disease, but at the
expense of loosing binding to and viral replication in cells
of the upper respiratory tract, which is likely to be essen-
tial for transmission. If this is the case, the most patho-
genic influenza viruses for humans are also the less
transmissible.

An important advance of the study by van Riel et al6 is
the comprehensive analysis that has been conducted
using multiple human tissue samples derived from the
respiratory tract. This provides a fingerprint pattern for
influenza viruses that efficiently transmit in humans or that
are more likely to induce lower respiratory disease. Al-
though it is clear that host tropism and virulence is de-
pendent of multiple virus and host factors, and not only of
HA receptor specificity, virus histochemisty might give
the first indication whether a particular viral strain is more
likely to transmit in humans or to cause severe disease in
humans. For example, some severe cases of influenza
virus infection with the new pandemic H1N1 virus have
been correlated with the presence of specific mutations
in the HA, and it will be interesting to use virus histochem-
istry to compare the pattern of binding of these mutant
viruses to human respiratory tissue. Importantly, as the
hallmark of pandemic influenza consists in the introduc-
tion in humans of a novel virus strain expressing an HA
derived from an animal strain for which there is little
pre-existing immunity in humans, efficient transmission in
humans of the new pandemic virus requires that its HA
binds to sialic acid–containing receptors present in cells
of the human upper respiratory tract.

However, there are still many unknowns with respect to
the relationship between HA receptor specificity and in-
fluenza virus host and tissue tropism. It is, for example,
quite clear now that the determinants of influenza tropism

are more complex than the simplistic early view of clas-
sifying HAs by preferential binding to �2-6 and �2-3 sialic
acids. The development of glycan arrays that allow to
determine more precisely the ability of influenza viruses
to bind to different sugar molecules have demonstrated a
wide variety of complex binding patterns according to the
specific viral strain.8 It is now clear that not only the
linkage between the sialic acid and the next sugar influ-
ences binding of a specific viral and/or HA strain, but also
the type of sialic acid as well as the rest of the carbohy-
drate. Because both the distribution of all possible differ-
ent sialic acid–containing sugars in respiratory tissues
and the types of molecules that can be used as receptors
for productive infection by influenza viruses remain un-
clear, it remains to be determined what the different
patterns of binding to specific carbohydrates by different
influenza virus strains mean. It is also not known whether
high affinity binding necessarily correlates with high in-
fectivity, as this might inhibit viral spreading by facilitating
virus retention in noninfectable surfaces of the respiratory
tract. Finally, whether infection of specific cells in the
respiratory tract facilitates virus mobilization into infec-
tious aerosols and respiratory droplets, and therefore
also facilitates transmission, is again unclear. Thus, more
research is required to understand how the complexity of
interactions of influenza viruses with their receptor deter-
mines the outcome of viral infection and transmission. A
better understanding of these processes might facilitate
the design of specific antivirals that stop influenza virus
transmission and infection of the lower respiratory tract.
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